The purpose of this note is to construct new self-dual codes over GF (7) of lengths 28 with the highest known minimum weights. We show the existence of at least 74 self-dual [28, 14, 10] codes.
Introduction
In this note we consider self-dual codes over GF (7) , the Galois field with 7 elements. A linear [n, k] code C over GF (7) is a k-dimensional subspace of GF (7) n . The value n is called the length of C and the element of C is called where A i denotes the number of codewords of weight i in C.
The space GF (7) n is equipped by the Euclidean inner product defined by
for two vectors x = (x 1 , x 2 , . . . , x n ) and y = (y 1 , y 2 , . . . , y n ) in GF (7) n . The Euclidean dual code C ⊥ of C is defined as C ⊥ = {x ∈ GF (7) n : [x, c] = 0, for all c ∈ C}.
A code C is called Euclidean self-dual if C = C ⊥ . From now on, what we mean by self-dual is Euclidean self-dual.
Two codes C and C are called equivalent if there exists an n by n (1, −1, 0)-monomial matrix P such that C = CP = {xP : x ∈ C}. The automorphism group Aut(C) of C consists of all n by n (1, −1, 0)-monomial matrices P with C = CP.
It is well known that the minimum weight of a code is related to the capability of the code in correcting errors. The decoding error probability of a code C measures the quality of performance when C is used for error correction in data transmission.
The classification of self-dual codes over GF (7) was known up to lengths 12 ([6] , [7] , [8] , [12] ). Recently, Lee and Kim [10] proved the existence of at least 218 self-dual [16, 8, 7] and 547 self-dual [24, 12, 9] codes over GF (7) , respectively. The purpose of this note is to further investigate the existence of self-dual codes of another lengths, namely for length 28. As the codes we constructed are used for error correction in data transmission, it is important to know the performance of the resulting codes with regard to the decoding error probability.
Decoding error probabilities
The question of decoding error probabilities was studied in [3] for bounded distance decoding. For the reader's convenience we rewrite here the main result of [3] which is relevant to our purpose to measure the quality of performance.
Suppose that a linear [n, k, d] code C over a finite field GF (q) is used for error correction in data transmission over a non-reliable channel, say with symbol error probability p. We also assume that bounded distance decoding is used, i.e., we decode only up to t ≤ d− 1 2 errors. Let, for x ∈ GF (q) n and r ∈ Z + the set
denote the ball centered at x of radius r. A decoding error occurs exactly if the receiver gets a vector y ∈ B t (c) for some codeword c ∈ C which was not transmitted. Thus the probability of a decoding error is given by the following conditional probability
where the random variable X stands for the transmitted codeword and Y for the received vector. As a result we have the following two conditions are equivalent.
P (C, t, p) < P (C , t, p).

2.
(a 0 , a 1 , . . . , a n ) ≺ (a 0 , a 1 , . . . , a n ), where ≺ means lexicographical ordering.
The theorem says that for small p the quality of performance can be read from the weight distribution. We say that C performs better than C if (a 0 , a 1 , . . . , a n ) ≺ (a 0 , a 1 , . . . , a n ).
Results
The method we use to construct the self-dual codes is the so-called the buildingup construction introduced by Lee and Kim [10] . Lemma 2.1 Let q be a power of an odd prime such that q ≡ 3 (mod 4), and let n be even. Let α and β be in GF (q) 2n such that
It is known from [9] and [11] that self-dual codes of length n exist only when n ≡ 0 (mod 4). Gaborit and Otmani ( [4] , [5] ) mentioned that there is at least one self-dual [28, 14, 10] code over GF (7). We constructed another new selfdual [28, 14, 10] codes using the building-up construction method. We started with the self-dual [20, 10, 9] code with generator matrix G = (I, A) where [5] ) stated that the possible minimum distance d for self-dual codes of length 28 over GF (7) are 10 ≤ d ≤ 13, but so far the highest known minimum distance of self-dual codes of length 28 over GF (7) are 10. On the other hand, from [1] , we know that the number of (inequivalent) self-dual [n, n/2, d] codes over GF (p), p > 2 prime, denoted by N p (n), is given by the following mass formula
where C is the set of (inequivalent) self-dual [n, n/2, d] codes. Remembering that the order of automorphism group of any code is greater than 1, we obtained that the number of inequivalent binary self-dual codes of length 28 over GF (7) 
